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Cambridge, Massachusetts, 
June 1, 1946. 


Professor George ©. Swett, 


Seeretery of the Paculty, 
Massachusetts Inatitute. of Technology, 


Cambricge, Measachusetts. 


Dear Sir: 
A thesis entitled "INVESTIGATION OF DETONATION 


CHARACTERIGTICS OF VARIOUS FUELS" Ls herewith submitted 
in partial fulfillment of the requirements for the degree 
of Master of Science in Acronautical Engineering. 
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SYMBOLS 


F/A Fuel-air ratio it, /M, 
ft Equivalent weight in pounds applied to 


dynamometer torque arn. 
Engine stroke, inches. 


L Brake load torque arm length, inches. 
mep Mean effective pressure, psi. 

imep Indicated mean effective pressure, psi. 
bmep Brake mean effective pressure, psi. 

wo Air consumption, 1lb/min. 

i. Corrected air consumption, 1lb/min. 

Mp Fuel consumption, 1b/min. 

N Revolutions per minute. 

P, Ambient air pressure, in. hg or mm. Ag. 
P, Orifice inlet air pressure, in. hg. 

AP. Orifiee inlet air pressure difference, 


P FP, in. hg. 


! 


AP, Orifice pressure drop, in. water. 
P. Inlet manifold pressure, in. hg. 

P,. Gorrected inlet manifold pressure, in. hg. 
De, aaah euntenna oo manometer ciffer- 
» F, » Sa. hg. 

a Inlet o11 pressure, pei. 

fa Exhaust pressure manometer difference, 
P.- P, in. hg. 

8, Micrometer vernier reading of cylinder 


height ’ inches. 


i mM 
« d\  otdwt the-Lew't 
af" tdaiew taalew lug 
tomomauys 


ght eupted to 
sl aesiont exotia oath gatt! 
if -asdoat itganes are ‘sup 10t bao odendi ; 
faq: (wueeng oviseorte suekt i 
led diucseacenion evisootte seo ‘pedaetbul | 
ihe, panne oni otusaaG ovigoorte & pan oxaxt 


P mae er t embed aot iqusance ate 
sabs\ss son sqauecey us bet vent00 
extn aa Chae ut 


ibis sts aes 


.stunie tog asolt¢yLoves 
es ett 20 ad Mb. aha Fano Le ni 
| aga ott otueeety ote toiat eoltixc 


7% tie gelai eeitiro 
or ea ae 
Re see nf con exwessrq eolticd 
| Wise ae oat ae ‘esuenety Miotiaen toial 
gd ent orurss9aq ‘diettine seek dealin 


dala tal redemonaam — teint 
“Ba - ~ 4 ,oone 


-taq ,eiwauetqg ile teal 


roomoro22tb tesemonee sipaetq —~ 
» 3 Ml , a = 


tobutiyo to gnibaes eee, spare 


wet nrgit 


-—* 
co 


_ etha\a okt qaoaaoe few z . 


ANT 


rp 


Ww 


~ 


4 4 4 & & & & 
ee en ol 


Ww 


4 3 
fh 


bet 


iii 


SYMBOLS 
(Cont'd) 


Rotqaeter reading of fuel flow rete, units. 
Brake load manometer reading, in. hg. 
Ingine revolutions per minute. 

Spark advance, degrees. 

Ambient air temperature, ~ F. 

Orifice inlet temperature, R. 

Jacket cooling water temperature,  F. 
Fuel-air mixture inlet temperature, fF. 
Oil inlet temperature, F. 

Fuel inlet temperature, F. 

Engine displacement, cu. in. 

Heavy spring, 200 1lb/in. 


Sounterbalance weight added to brake load 
torque systen, lb. 
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OF VARIOUS FUELS 


SUMMARY 

In this investigation, the detonation characteristics 
of four fuels were determined in terms of curves of iso-det 
lines of indicated mean effective pressure against compres- 
sion ratio and inlet manifold pressure against sompression 
ratio to show the effect of the detonation characteristics 
of the fuels on engine performance. The four fuels selected, 
iso-octane, di-isobutylene, triptane, and ethyl benzene, 
were chosen to best cover the present reference fuele and 
pessible future fuels to be used in high performance aircraft. 

it was necessary to limit the seope of the investigation 
by keeping the following engine operating variables constant: 


engine RPM, fuel-air ratio, inlet fuel-air mixture temperature, 


jacket cooling water temperature, and exhaust back pressure. 
The fuel-sir ratio selected for each fuel was at the best 
power of that fuel. It should be noted that varying the above 
constants will have a marked effect on the detonation char- 
acteristics of the fuels. 
The results of thie investigation indicated the following 
conclusions: 
1. All four fuels tené to detonate more as: (a) the 
inlet manifold pressure is increased; (b) the in- 
Gicated mean effeetive pressure is increased; and 


(ec) the compression ratio is inoreased. 
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2. 


3. 


ihe 


Iso-octane is the most sensitive to changes in 
inlet manifold pressure, indicated mean effec- 


tive pressure and compression ratio. 


Triptane, di-isobutylene, and ethyl benzene have 
approximately the same sensitivity to changes in 
inlet manifold pressure, indicated mean effective 


pressure, and compression ratio. 
Triptene is superior to the other three fuels in 
anti-datonation characteristics. 


Triptane, di-isecbutylene, and ethyl benzene show 
&@ marke@ family similarity in their detonation 


characteristics. 


This inveatigation was performed at the Sloan Auto- 


motive iaboratory, Massachusetts Institute of Technology, 


during the months of “arch, April, and Mey 1946, by Lieut- 
Comir. Neil E. Harkleroad, U.S.N., amd Lieut-Comdr. Paul 


W. Gill, U.8.¥. 
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INTROMUCTION 


The fact that éetonation, or knesking, of various fuels 
im & gasoline engine is « function of more than 4 dozen 
@perating variables has caused great difficulties in detona- 
tien research in the lack of an absolute buaie of comparison 
of data obtained in the many methods used in testing and 
rating of fuels and engines. Many investigations of the 
éetonetion characteristics of various fuels have been made 
in the past with the intention of showing the effects of sene 
particular variable or variables. However, ao one investiga- 
tion shows a comprehensive picture of detonation sharacter- 
istics of the fuels covered by this report in terms of the 
overall engine variables ané performance, indicates aeen 
effective pressure, inlet manifold pressure, and compression 
ratio. Considerable @ifficulties are encountered in any at~ 
tempt to correlate the data of past investigations, due to 
the numerous variables, to obtein such « pleture. It ie the 
purpose of this investigation to establish the detonation 
characteristics of four fuels in terms of iso~det lines of 
indicated mean effective pressure against compression ratic, 
and inlet menifold pressare against compression retic in order 
to show easily the effect of the detonation characteristics of 
the four fuels tested on maximum engine performance. 
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The selestion of the four fuels wee made to best cover 
the present reference fuscls end the possible future fuels to 
be used in high performance alreraft. ‘The selection was 
limited in the number of such fuels available. Iso-octane, 
an iso-pareffin and the present basic stenderd reference 
fuel, was selected to furnish « basis for comparison of the 
results. The other fuels selected were as follows: di-ise 
butylene to show the characteristics of a lower grade olefin; 
triptene to represent the characteristice cf a higher grade 
paraffin; and ethyl benzene to represent the characteriaetices 
of eo prospective new fuel of the eromatic series. 

It was necessary to limit the seope of the investigation 
by keeping the following engine operating variables constant: 
engine R.P.M., fueleair ratio, inlet fuel-alr uixture tempera 
ture, jacket eooling water temperature, ond exhaust back pres- 
sure. The fuel-air ratio selected for each fuel was the best 
power ratio. It should be noted that varying any of the above 
eonstants will have a marked effect on the ¢etonation character- 
ietics of the fuels. Although in thie investigation no attempt 
was made to show the effect of the variables kept constant, 
the resulte to be obteined may indicate what the future engine 
designer cen expect in engine performance by changing either 
the compression ratio, the fuel, or both. 

The constant conditions were ecatablished by consideration 
of the present and probable future stenierds of fuel and engine 
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rating testa. It is intended that the procedure methods and 
apparatus used in the investigation be readily adaptable to 
present available laboratory equipment ané to future inveati- 
gations of other potentially useful fuels with the possibility 
@f showing 4 aiaple method cf laproving the present alreraft 
engine performance. | 
: The investigation was performed at the Sloan Automotive 
laboratory, Massachusetts Institute of Technology, during the 
months of Mareh, April, and Nay, 1946, by Lt. Comdr. Neil H. 
Harkleroaé, USN, and Lt. Comdr. Paul ¥. Gill, USN. Acknowledg- 
ment is made to Professor C. ¥. Taylor and Professer ¥. A. 
Leary for their help and guidance in the investigation. 


DESCRIPTION OF APPARATUS 
A general overall deseription of the setup and apparatus 
is shown in Pigs. 1 and 2. 


FUELS 
This investigation was conducted with the following fuele: 
iso-octane, di-isobutylene, triptane, an¢ ethyl benzene. The 
iso-octane was « standard Reference Puel F, batch Mo. 6, & 
specification with octane No. 99.8; and it was obtained from 
Shell 011 Company. The di-isobutylene was obtained from Stance 
Distributors, Inc., under designation of "Reference Fluid SR-10." 


Index refraction tests indileated that thia fluid consieted of 
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60 percent 2-4~-i, tri-methyl pentane -1 end 20 peroent 2-4-4 
tri-methyl pentane -2. ‘The triptane, 2-2-3 tri-methyl butane, 
was obtained through the courtesy of the General Motors Lavoe 
retory. The ethyl bencene wae obteined from the Tow Chemical 
Company. 


ENGINE 
The engine war a C.F.H., high speed, single sylinder, 

weter cooled, variable~compression ratio engine of 3.25 ineh 
bore and 4.5 ineh stroke. The engine wae equipped with an 
eluminunm piston and sodium ecoled exhaust valve. To prevent 
variation in spark advance, « special breaker mechanism was 
directly coupled to erenk shaft. This meshanism is deseri bed 
in Ref. 1. The spark plugs used were &.G. 157 and Auto-Lite 
B~3. 


FURL SYSTEM 

The fuel system is shown in © schematic diagram, Pig. 3. 
The fuel wae taken from the fuel tank, through « amall elec-~ 
trically driven pump to a bubble separator and sarge taak, and 
from surge tank through rotameter and then through two manmally 
controlled needle valves to the vaporizetion tank. The fuel 
flow wae measured by a Fisher and Porter rotameter which had 
been previously calibrated by Professor W. A. Leary. The ¢ali- 
bration charts wore checked before the runs were started. 


The fuel system surge tank waa found nesesnary when oper~ 
ating the engine in order to maintain o uniform end controllable 
flow rate,and to separate any bubbles in the fuel. The first 
surge tank of lucite was attacked by ethyl benzene ané had to 
be replaceé by a brass tank with boller type sight gage. The 
warge tank pressure was swmintained at about 96 inches of meroury. 


AIR SYSTEM 

The air system with gages and thermometers is shown in a 
schematic dlagram, Pig. 3. The air eould be taken in through 
an atmospheric duct or through « leboratery supercharger line 
with the atmospheric valve being used as a bleed valve. The 
supercharged oir was supplied wy a Nesh blower giving saturated 
air at 65 degrees Fahrenheit. The sir wae metered through a 
flat plete orifice with a flange tap and a .515 inch orifice 
constructed according to ASME specifications. The air passed 
from the orifice through «a surge taak, through a throttle valve, 
to the vaporization tank. 


VAPORIZATION TANK 
The vaporization tank and connections is shown in « 
schematic diagram, Figs. 1 and 3. The fuel and air were mixed 
ané mixture vaporized in the tank. The temperature of the 
fuel-air mixture, which was held constent at 175 degrees Pahren- 
heit, was controlled by the cireulation of ethyl glyeol through 
heating coils. ‘The temperature of the ethyl glyeol wae regulated 
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by @leetriec heating collie and steam clroulation in « heating 
tank and by means of an Improvised gas stove. The clreulation 
ef ethyl glycol was obtained by means of a small centrifugal 
pump. 

A pipe leading from the vaporization tank to the safety 
valve contained a Y sonnestion with eonnecting lines to open 
manosaters for the measurement of ‘the inteke menifold presenre 
te the engine hereafter called (F3) and when corrected for leak- 
age error, (P,,). (See Appendix *¢") 


OIL, SYSTEM AND JACKET SATER SY CTEM 
The cil system and jasket cireulating water system are 
 ghown in @ schemetic diagram, Fig. &. ‘The Jacket water tem 
pereture was held constant at 206 degrees Fahrenheit. The 
temperature was eontrolleéd by the circulation of water through 
® eooler between the condenser and the Jacket. The oll tem- 
perature wae hel¢ between 125 and 130 degrees Fahrenheit by 
means of circulating steam or scoling water through the two 
heat exchangers. | 


MEASURING INSTRUMENTS 
The engine power output was absorbed by e Star electric 
‘eradle dynemoneter. The brake torque was balanced by a hy~ 
@raulic piston through « lever arm. The oil pressure on the 
piston was meseured in inches of mercury on a manometer. This 
hyéraulic system was #0 designed that one inch of mercury 
equaled one pound force acting on hydraulic piston. To extend 
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the manometer scale for high power, a counterweight was used 
to reduce the brake torque at the hydraulic cylinder. This 
manometer reading was then converted to pounds per square inch, 
brake mean effective pressure. 

The dynamometer had a standard tachometer attached for 
rough determination of R.P.M. ‘For fine indication of speed 
@ strobotac was used to determine R.?.M. This consisted of 
a strobotac-lamp which illuminated 36 stripes painted on the 
engine flywheel. 

The detonation pickup unit was eae Draper flat diaphraga 
type having a naturel frequency of about. 95,000 cycles, de- 
seribed in Ref. 2. The output from this pickup wae anelyzed 
and projected on the sereen of a cathode ray oscilloscope as 
& curve of relative rate of chenge of eylinger pressures 
ageinet time. The oscilloscope was made by Allen B. Puliond 
Laboratories, Inc., model 208. When the condition of incipient 
detonation was reached this pressure curve showed a "pip" of 
high rate of chenge of pressure and high frequency about one 
third of the distance down the hump of the curve. Increase in 
intensity of detonation inereased the height and width of this. 
"pip". This indication proved accurate and easy to duplicate. 
The method is éeseribed in detail in Ref. 3. 

The compression ratio wes varied in the usual C.F.R. en- 
gine manner by raising or lowering the cylinder. The relative 
heights of the cylinder were measured by a micrometer built 
into the engine. A previous work had ealibrated this micrometer 
egeinst compression ratio by actually measuring the elearance 
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volume with water. 

An M.I.T. balanced pressure indicator, desoribed in 
Ref. & and 5, was used for obtaining heavy aprine pressure- 
erank angle diagrams in conjunction with M.I.T. diaphragm 
pressure unit. A thin diaphragm, .0015 inches, was used in 
the diaphragm pickup. The heavy spring, 200 pounds per 
square inch, pressure-crank angle diagrams were converted 
into pressure volume indieator dilegrams. 


PROCEDURE 

The determination of an iso~det line of incipient de- 
tenation for « fuel was made by using the manifold pressure 
as the dependent variable ond varying the compression ratic 
antil incipient detonation coourred. At that condition, the 
indicated mean effective pressure could be calculated and 
the iso-det point established. fo eliminate the effect of 
the other operating eonditiens, ell the tests were made with 
the following quantities constant within the tolerances shown: 


1. Kevolutions per minute 1206 &.P.M. 
2. Piston speed 900 ft. /min. 
3. Bixture temperature 175 ; a? ¥, 
&. Jacket ecoling water temperature 206 : 1° F. 
5. Spark advance 30 degrees 

6. Inlet ofl temperature 127° £ 6° PF, 


7. Inlet ofl pressure no > & Xb./in.” 


, en ae ae ae. eae ” Bit altel ov ohh. pig ms i 


wl | tose sabe aauiov 
eae Sh he aut 5 
mk ded bnonet “rsdao2ont « esaaete hoonsiod TaTeM aa 


4 et en f é Ail x6 np re 
ee ake ite Ake Peta 


" mptmaeng patiqe yvaed walaiatde 107 foes new a pa 3 “ee 
a reas itd athe aaktenetaoo as anengalb olgae ‘tanue. 


ng UY, 


ae 


pubs Az 


} Beas aay weedeat 00. saigariga kb abies 4 than osseaong 


Hid 


7 ahasog | ons antes Wand ed? “aetoda rgwidaet od? 


| tzocmee ure owes aigas inere-orseseng dont etaupe 
a meataa kh od sp boat eanior wimanety otak 


Ba HAS eB AL ana. Geet cde mY Bie Se 


s 
Fob 


“ agers at 
oth 4 — ‘i 1. fees Sipelbvas ‘ae i nt sien Bi Nar is IA a pie e) Sere 
ae a om : set 24 


‘a % : ot ae ee Yh pel er " ae ee 2 war’ 


8. Incipient detonation 
9. Fuel air ratio at best power 


Fuel Fuel Air Ratio %& Chemieally Correst 
Is0-ostane .o785 + .0003 118 
Triptane .0779 ~ 0002 ue 
Dieisobutylene .0815 + .0002 120 
Bthyl benzene .0883 £ .o002 120 


The engine exhaust wae discharged to the atmosphere through 
an exhaust surge tank. The supercharger air humidity was satur~- 
ated at 65° F. 3 

The choice of the above listed constants was made after 
discussions with Professor C. Ff. Taylor and Profeseor ¥. A. 
Leary, based on previous experimental work with the fuels used 
in thie investigation ané upon the conditioner found during the 
familiarization runs. 

Familierization runs were conducted to cheek the engine, 
accessories, ane calivration curves, to determine the optimum 
operating conditions for the above listed constents, and as a 
general check on operating precedure and teehnigque. 

The procedure and «nentities held constant, exevert for 
. wariation in the fuel air ratios to obtain best power for each 
fuel, were the same for the four fuels tested. The inlet muni~- 
folé pressure in inches of mercury was varied from approxi- 
mately 20 to 70 inches, with five points of inoipient detonation 
determined for each fuel. | 
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After the engine wes started each day and before recorded 
 Puns were made, the engine wus warmed up for one hour to stabi- 
lize ail operating quantities and to allow the engine to reach 
thermal equilibrium. When e new recorded run of different 
manifold pressure was made, « period of one half an hour was 
allowed for all operating quantities to reach a ateady state. 

The general procedure used for each recorded run was te 
first make an approximation of the rate of fuel flow and rota- 
meter setting calculated from the expected air conswaption eat 
the inlet manifold pressure to be tested, and from the fuel- 
air ratio of the fuel being tested. The inlet manifold and 
approximate rotemeter setting were set to the desired quantity. 
The compression ratio was varied to give as near as possible 
incipient detonation; and « steady state established for all 
operating quantities. The air consumption, Ma, was then com- 
puted from the orifice measurements and any refinement necessary 
mede in the rotameter setting. The compression ratio was varied 
through a very smell range to obtain the most accurate point of 
ineiplient detonation. Readings were made on all measuring in- 
struments periodically and all operating quantities were kept 
stabilized. After a period of steady state operation at the 
desired fuel air ratio and with the engine in thermal equilibrium, 
the point of inciplent detonstion was found end 011 measuring 
instruments were read and recorded. 

Pressure-crank angle Afagrams, ghown in Figs. 5 and 6, were 
made over the range of brake loads obtained in the test runs 
with the M.I.T. balanced-pressure diaphragm type indicator using 
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@ heavy spring of 200 pounds per square inch per inch and a 
diaphragm type pickup. All operating veriables were held 
constant over a period of one-half hour before and during 
the making of the indicator cards. 

From the pressure-~-crank angle diagrams, heavy spring in- 
dieator diagrams of pressure volume were dravm and indicated 
mean effective pressure calculated. A curve was drawn of 
brake mean effeotive pressure versus indicated mean effective 
pressure as obtained from the indicator ecards and the brake 
leads. From the curve, the indicated mean effective pressure 
of all the test runs was obtained by entering the curve with 
the brake mean effective pressure calculated for the run and 
finding the corresponding indicated mean effective pressure. 
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RESULTS AND DISCUSSION 


A composite record of the data sheets of the laboratory 
test runs 1 to 26 of the four fuels is shown in Table I. ‘The 
fable contains the data from readings of the measuring in- 
struments, shown in Fig. 2, the results computed from the re- 
eorded data, and the corrected results. The computed results 
inelude the following: air consumption, a; fuel-air ratio, 
¥/A; brake mean effective pressure, bmep; and indicated mean 
effective pressure, imep. The methods used in calculating the 
air eonsumption, tbmep, and imep, are shown in Appendix "2B". 

The reasons for and method of calculating the corrected results, 
inlet manifold pressure, Pao) and mass rate of flow of fuel- 
air mixture is shown in Appendix "C*. 

The recorded and computed data obtained from the heavy 
spring indicator diagram runs, modified form of runs 24 to 28, 
are shown in Table II. The modification to runs 24 to 28, for 
indicator data, consisted of the lowering of the compression 
ratio in order to operate the engine out of the incipient deton- 
ation region while the pressure-crank angle diagrams were being 
made. This changed the compression ratio, bmep, and imep. All 
other operating quantities were held the same as tabulated in 
Table I for runs 24 to 28. The heavy spring pressure crank angle 
Giagrams, as recorded by the M.I.T. Indieator, and resulting pres- 
sure volume diagrams, are shown in Figs. 5 ané 6. From the re~- 
sults calculated from the diagrams and recorded data and tabulated 
in Table II, a curve of imep vs. buep was plotted as shown in 


Fig. 7° 
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Sinee the speed and engine operating quantities were held 
constant for ali the runs at the same inlet manifold pressure, 
the friction mean effective pressure should be the same for all 
four fuels. Therefore, the imep, as tabulated in coluan 21, 
Table I, for all the test runs was taken from Fig. 7, by enter- 
ing the curve with the bmep of the test run, column 20, Table I, 
and reading the corresponding inmep. 

The computed and corrected results (refer to Appendix "¢") 
of the test runs, 1 to 28, for all four fuele, are tabuleted in 
Table III. From the resulte as given in Table IIIT, curves of 
sonpression ratio vs inlet manifold pressure (P,.) for the four 
fuels were plotted as shown in Pig. 8. Baeh fuel produced an 
iso-det line (inelpient detonation), which is the boundary 
between the detonation and non-detonation regions for that fuel. 
Any operating condition of the engine that falls above the iso- 
Get line will be in the region of detonation. The higher above 
the iso-det line the operating point lies, the greater will be 
the detonation. Since inlet manifold pressure is not a direct 
measure of the power avellable to the cylinder, iso-det curves 
for each fuel were plotted for indicated mean effective pressure 
vs compression ratio as shown in Fig. 9. As in Fig. 6, any 
operating point above the iso-det curve of the fuel will be in 
a region of detonation. 

It 1s seen from Figs. $ and 9 that there is a slight dif- 
ference in the curvature of each iso-det and in the relationship 
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of each iso-det line to the others. The reasons for the slight 
éifferences sre as follows: one, the relationship between in- 
let manifold pressure (P,.) and imep if not linear; and two, 
the compression ratios of the fuels ere not the same. With a 
given relationship between inlet manifold pressure and air con- 
sumption, this produces variations in the relationship of air 
consumption to indicated mean effective pressure. As an example 
ef the variation, a plot of air consumption vs imuep (w,. v8 I¥VEP) 
has been nade in Fig. 10 for two fuels, di-iso-butylene (SR-10) 
ané triptene. For the same air consumption the tests with trip- 
tene were run et higher compression ratios. This shows in Pig. 
10, where for the same air consumption, triptane has « higher 
imep than di-iso-butylene. 

Yrom Tige. 8 and 9, it is noted thet with other engine 
Operating quantities held censtant, 211 four fuels tend to 
Gotonate more as the imep increases, as the inlet manifold pres- 
gure increases, or 2s the compression ratio increases. This 
follows previous experimental work and theory. 

Iso-octane is the most sensitive to change in inlet manifold 
pressure. At very low inlet manifold pressures, or imep, iso- 
oetane closely approaches the results obtained from triptane. 

As the imep is increased, ise-oetane becomes poorer in anti- 
detonation quality. The three othor fuels, triptane, di-isae- 
butylene, and ethyl benzene, have approximately the same slopes 
in the curves,showing that sil three are about equal in sensl- 
tivity to changes in inlet manifold pressure and imep. 
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Triptane appears to be the superior fuel for anti-detona- 
tion qualities end characteristics within the range of inlet 
“-manifolé pressure and indicated mean effective pressure at the 
speed of 1200 RAM, en inlet mixture temperature of 175°F., and 
at the best power fuel-eir ratio used in this investigation. 
Ethyl benzene closely approaches triptane at high and low inmep, 
as d00¢ iso-octane at low values. However, in the range of com- 
pression ratios used in present aircraft engines cf about 6.5, 
and assuming the detonation characteristios of the fuels are 
the ame in a full scale airoraft engine, triptane, as compared 
to iso-octane, cut allow an increase in compression ratio at 7.5 
in a future engine at the same imep as iso-octane without deton- 
ation. Similarly, for a constant compression ratio of 6.5, a 
change of fuel from iso-octane to triptene increases the allow- 
able iso-det imep from 164 to 226 psi., an incresse of 37.4 per- 
cent. The four fucle have indicated powers (imep) at the eom- 
preesion ratio of 6.5 as follows; 


Yuel. imep Percent 

@. Triptane 226 374 

~ Bb Ethyl benzene 204 2h 00 
¢. Iso-octane 164 ) 

a. Di-iso-butylene 130 =20.5 


This order of importence holds for compression ratios up to 
about $.8. 


15 


BROIOb- 49 “et Leut volvogue ait $d oF ataegs emeteivt .. 
ere ‘te -eaaan oft abisie aghiatieteatzde dao soltiieap aot® 
‘he ewaaeng sviioet te aaaee bedaothnt baa widaeeig Blokisas : 

bas 2t°RTL. 20 eumtoxeques. ormetlm dole? a4. MUL COL to Seoge 
<iihiiladiaaltih silane ‘alia ile-lawt teweq faqd edd ta 
4. omh wel fam gid $8 eaaightt aodosorgys yleaole saexsed Iydoh 
- 3 nen euies of) ah ~ravenos .coulev wol te enateo-onl voob ae 
mM o os eonetenceneae” dmesoxg mk boos notéus solaseng 


a 


a asqemnninies shill tiednanen ataan Kit: 6h ane os 
. utes e1 Robeseiqses ui sceviogh ae wolle gee ,onstee-sal oF 
e ante sfoon0n! a0 Gemt eman odt 30 ealgun eratst 2 at 
a 2.0 ‘te olva: salaserpses Instance... tot ,ylcalini&g .noles 
mae Naame enesoo-oal mort Lest te eganite 


ee ee ee ee ‘eniatiaile 


; teow ji-eeonepaial eer elites ¢ vino cto 
Attia eA he Cig presen ke OMIA 08 
ee eee ae ge 
a sting ew BE tt a eet ae | 


Seite eektaihitinn Sina tithe inant eet 


These relationships of the four fuels are effectively 
altered by variation of the engine operating conditions thet 
were held constant in this investigation. Reference 8 shows 
the effect of changes of engine speed and intake mixture ten- 
perature, and the sddition of tetra-ethyl lead to the fuel on 
the detonation characteristics of the four fuels used in this 
investicstion. Whereas the engine speed was held constant at 
1200 RPM in thie investigation, Ref. $ shows that increasing 
the engine speed increases the critical compression ratio of 
iso-ccotane while the three other fuels show a éecrease in eriti- 
eal compression ratic. This effeet would place iso-octane in a 
more favorable position as compared to the other fuels aa the 
engine speed is increased above 1200 Ki. Triptane and di-iso- 
butylene have about the same drop in critical compression ratio 
while ethyl benzene har about twiee the drop of the other two 
for the same inerease in engine speed. 

The effect of increase in inlet mixture temperature waa to 
@ecrense the eritical compression ratio for all four fuels. 
However, iso-octene was affected the least. Triptane and di-iso- 
butylene showed a decresee of about four times that of iso- 
octane, an? ethyl benzene showed about five times the miniaum 
decrease. Again iso-oetane would improve relative te the other 
three fuels with inerease in inlet temperature. 

The addition of tetra-ethyl lead to these fuels had the 
effect of inereasine their eriticsl compression ratios, but to 
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different degrees. Iso-octane showed the greatest inerease in 
eritical compression ratio whereas the cther three fuels showed 
a. lesser increase. In sll three cases of chenge of engine 
operating conditions, iso-octane showed either the greatest in- 
provement or the least ¢ceterioration. 

However, when an attempt ie made to compare the results 
of Ref. 5 and of this investigation, certion must be taken. The 
variation of engine speed, inlet temperature, and addition of 
tetra-ethyl lead are only superficial measurements of the situa- 
tion. Thus, until the pressure-tempereture-time history of the 
unburned charge is known for beth sets of resulte end used as a 
basis of comparison, the only conelusion to be made is that the 
three fuels, triptene, ¢i-iso-butylene, and ethyl benzene show 
a marked family similarity both in the results of this investiga- 
tion and those of Ref. &. 

It was found in the investigation that ethyl benzene is 
difficult and dangerous to handle and operate in the engine. In 
addition, the ethyl benzene readily attacks neoprene and lucite. 
It was also known thet di-iso-butylene is not reliably stable 
for prolonged storage. 
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The results of this investigation give the following con- 


elusions: 
Re 


2. 


3. 


5 


CONCLUSIONS 


All four fuels tend to detonate more as: 

{a) The inlet manifold pressure is increased. 
(vo) The imep is inoreased. 

{c) The compression ratio is increased. 
Iso-octane is the moat sensitive to changes in 
inlet manifold pressure and imep. 

Triptane, di-iso-butylene, and ethyl benzene 
have approximately the same sensitivity to changes 
in inlet manifold pressure and imep. 

friptane is superior to the other fuels in anti- 
detonation characteristics. 

Triptane, di-iso-butylene and ethyl benzene show 
a marked family similarity in their detonation 
characteristics. 
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Appendix "B" 


SAMPLE CALCULATIONS 


Table I 


A 


Ae Inlet manifold pressure, P, , inches of mercury. 


Po= (FP. / 25.4 = ae . Po mm. hg. 
APs ins hes 


Pp in. hg. 
P= P.. and curve of Fig. T2. 


Columns Q) to 6) 


Example, run 2. 
P= = 50.0= 757.6/25.4 + 20.2 


Pact #¢50 0): = 5250 in: he. 


B. Air consumption, M . 


M. = 1.095 | AP P, 
T, 


P=, /25.4 + ap, 


Columns (to Q) 
2 


Example, run 
Pe 52,4. -25:57722.6 
M = 1.39 = 1,095 Biers lbs./min, 
Slope 


Ma = MK, and curve of Fig. 12. 
C. uel-air ratio PFP/A. 
F/A = Mg / Ky 


Columns ai) » GA) to 


Example, run 2, 


F/A = .0785 = .109/1.39 


“a” «x f6ae70A 
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D. IMEP 
wens 4 eo £ 


FS PO tend 2A5aH poring 


imep = $ (bmep) LB AGE on o%.) 

Columns 7) ~@}) 
Example, run c. 
£=2 59.55 = 20-4 sf 220K9. 01 + 1254 
biep = 167.8: =~ 4.25% 59,55 psi 


imep = 207 = $(167.8) pai 


Table 


It 


Computation of imep. 


imep_ area of diagram, sq. in. x xX 
lensth of diagram, inches 


imep = area x 200/5 = 40 x area of diagram 
Example, run 23d. 


iiep = 40x area = 4O x 1.95 = Te pal 
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APPENDIX *C*" 
ee a comsearMen ommaeraea 

At the conclusion of the di-iso-butylene test, run 14, 
the periodic cheek of manometer leads showed « small hole in 
the tubing of the negative pressure water manometer, one of 
the vaporization tank menometers on a common Y correction, 
Fig. 3. ‘This particular manometer was not used during the 
tests; but such « leek would bleed off fuel~-air mixture and 
also produce an error in the cther manometer that was on the 
common Y connection and measured AP, . Consequently, « plot 
of air consumption (Mi) against imep was made for runs 15 to 
18 in Fig. 10. This curve inéieateéd that the leak had been 
present throughout these runs. A series of cheek runs was 
made, rans 20 to 23, with the same fuel but without the leak. 
The operating conditions were the same as in the first set of 
runs, runs 15 to 16. The correction of the leak changed the 
air consumption, the inlet manifold pressure manometer read- 
ing, AP,, and the bmep as shown in Table I. This second set 
of runs was plotted in Fig. 10, and produced the desired straight 
line function between wir consumption and imep that indicated a 
correct measurement of engine intake conditions. In Fig. 10, 
at econstent imep, the difference between the curve of the first 
set of runs (i, vs IMBP) and the curve of the second set of runs 
(Ma. vs IMEP) was the error in air consumption caused by the 
leak. 


‘or XLTMSA 
RAVBERAT LUOTIMAM EHATHI of?) ia 7 cn 
@KORTORAAOS WOTTEMUAHOD HIA GHA 

Bi avr ,taed one Lytud~oal~zb ead to solewlemos edd tA 
at efed Linma « bewode shsel tetemonen to dede o! bolteq add 
to eae Tetomonea totew eivsaeiy oviteges ed? to anidut edt 
| lolteert09 Y sommes 6 SO etetemonen dna? solsaxturoqsy off 
edd gattuh bea gon saw totemonem teivoltasg etdT .€ «gt 
dae orstxie tle-Lovt ato beeld bivow deel a down tad jataet 
eds ao tew tadt tetemoneam tedto off ai tore ae eoxbotq osls 
oiq @ .YlsmeupeasoD . A betwesem Sas aoltoennes Y nommoe 
OF th eat to? ebam esw gost taaione (.l) sottquvence ate to 
Rood hud deed edt ted? betactont evawe aldT .0L .9i% mt BL 
aew aaet Yoetio to saises A ant oredd tuodguoia? tapacetg 
«Meet odd tuodtihw tud Lev? emac edt dtiw .C€S of OS save .obam 
‘to tea Setlht eft al en emee eds @row asolsinace guitsieqo of? 
add begcedio Amel ed? to selfoorten ed? .81 ot UL emus ,2awt 
~heot tetemoton eiveeetq blotinen sefai edt ,soltqmuanoo tis — 
tes taooon elaT .1 olde? al awode ss qomd oft bum ..TA\ . gat 
fdgiatte bextaed edit beouborg bas ,OL .9f% al bettolq esw anwt to 
® betnothal 2ads qenl tun soliquuenee tie aeewsed soltoaut oail 
OL «ght al -enoltibaos odsdal eatyae To tHomsivesem foe T1900 
fexlt ed? to avasy edt neowied somete tlh edt .qemi tastenoce ts 
anwt 20 tee Hacove sft Yo eviss odd bax (TIMI av .M) eat to ton 
edd YW boaveo noftqmvanoo tis at torre et asw (GENE av i) 


ii 


To determine the effect of the leak on inlet manifold 
pressure, P, (P, equals P, plus 4P,) the first set of runs 
was plotted in Fig. 11 as inlet pressure against air consump- 
tion. This curve was then corrected for the air consumption 
error determined in Fig. 10 to produce a new curve (P, ve it,.). 
The second set of runs was also plotted in Fig. 11 (P,. vs i.) 
and is correct for both air consumption ahd inket pressure. In 
Fig. 11, at constant air consumption, the difference between the 
corrected curve of the first set of runs (P, vs M,.) end the 
eurve of the second set of runs (P, vs M,.) is the error in in- 
take manifold pressure. These two errors determined in Figs. 
10 ané 11 were then used to plot the correction curves of Fig. 
12, and the first set of runs 15 to 18 were corrected with this 
curve. | 
) The question of how many runs were affected by the leak was 
answered by plotting runs 1 to 14 for air consumption against 
imep. These runs showed a similar deviation from the straight 
line function, as was also shown by runs 15 to 18. Therefore, 
the errors due to the leak were present in the dete for runs 1 
to 14. The correction curves of Fig. 12 were considered applic- 
able and were used to correct the data of runs 1 to ld. 

These errors in air consumption for runs 1 to 18 inddoatet 
& possible corresponding error in fuel-air mixture received by 
the engine. However, the location of the leak in the manometer 
line leading from the Y connection was in such a position rela- 
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tive to the engine inteke that et vaporization tank pressures 
above atmospheric, completely mixed fuel end air were bled 

away from the engine inteke. This meant thet ne error in fuel- 
air ratic was produced by the leak when P. wae greater than 

30 inches of mercury. When the vaporization tank preseure was 
less then atmospheric, the leak bied outside air directly into 
the engine intake, thereby éiluting the fuel-air wixture. There- 
fore, when ?. war less than 30 inches of mereury, the fuel-air 
ratio was less than the desired best power ratio. The result 
was that the curves of Tigs. 8 and 9 for Luc-eotane, d1-iso- 
butylene, and ethyl benzene have a small error in curvature at 
the end where if is lese than 306 inches of mereury. 

An approximation of the correct curve for these three fuela 
for best power fuel-air ratio was made by using the data point 
from run 19, which is at best power fuel-air ratio, and compar~ 
ing the changes in the curve from the corresponding diluted fuel- 
air ratio data point of mun 17 on Fig. 8. A similar correction 
was approximated for the curves of iso-octane and sthyl benzene 
ané is shown in Fig. 8 by a light curve for diluted fuel-air 
ratio and a heavy curve for best power fuel-air ratio for each 
of the three fuels. 
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